A mong the inflammatory rheumatic diseases the longest delay between the onset of symptoms and making the diagnosis is currently found for ankylosing spondylitis (AS): in several studies from different countries a mean duration of about 7 years has been reported. 1 2 The mean age of onset of symptoms is in the mid-20s, thus at the normally most productive time of life. If undiagnosed and untreated, or not treated effectively enough, continuous pain, stiffness, and fatigue are the consequences. Furthermore, a potentially progressive loss of spinal mobility and function, together with the acute symptoms, cause a reduction in the quality of life and an increase in direct and indirect medical costs. Because the prevalence, including the early forms of the disease, has been estimated to be between 0.2 and 1%, [3] [4] [5] late diagnosis and inadequate treatment have also potentially socioeconomic consequences.
TREATMENT OPTIONS FOR AS
Until recently, the treatment options for AS were limited. Regular physiotherapy and treatment with non-steroidal anti-inflammatory drugs (NSAIDs) were the only available symptomatic treatments. Other treatment options, such as disease modifying antirheumatic drugs or steroids, which are quite effective in other chronic inflammatory diseases such as rheumatoid arthritis, have no effect or only a very limited effect. 6 7 Thus, although an early and correct diagnosis was wanted to avoid unnecessary diagnostic and therapeutic procedures (such as disc surgery) this did not seem to be so urgent for many doctors and patients because of the lack of therapeutic choices.
This has changed now: NSAIDs should probably be taken more regularly once a diagnosis has been made, and tumour necrosis factor blockers offer an exciting new possibility for effective treatment and, hopefully, may also have the potential to stop progression. Until now it was not clear whether NSAID treatment has an effect on the long term outcome. A most recent study showed that patients with AS treated continuously over 2 years with a daily dose of NSAIDs had less radiological progression than those patients who took NSAIDs only irregularly on demand. 8 Furthermore, as has been pointed out first by Bernard Amor from France, about 75% of patients with AS show a good or very good response to a full dose of NSAIDs within 48 hours, in contrast with only 15% of patients with mechanical back pain. 9 This clear difference in the response rate between patients with AS and patients with chronic mechanical back pain was recently confirmed by us (Rudwaleit et al, unpublished) . Thus, because of the good efficacy in the treatment of acute symptoms and because of the potential to retard long term damage, patients with active AS with inflammatory back pain, in contrast with patients with mechanical low back pain, should probably be treated long term with NSAIDs, once the diagnosis is made. A cox-II selective NSAID may be the preferred choice for long term treatment because gastric side effects are less common than in patients treated with non-selective NSAIDs. 10 ''NSAIDs taken regularly may slow radiographic progression in AS'' However, most importantly in the context of this discussion, it was recently shown that the tumour necrosis factor a blocking agents infliximab 11 12 and etanercept 13 14 have a surprisingly strong and fast effect on almost all aspects of active disease, including acute phase reactants, function, spinal mobility, peripheral arthritis, enthesitis, acute inflammation as detected by magnetic resonance imaging (MRI), 15 and bone density. 16 In the various studies using these two compounds a 50% improvement of the disease activity could be demonstrated in about half of the treated patients who were refractory to NSAIDs and physiotherapy. It is also important to note that 72% patients with a disease duration of ,10 years showed at least 50% improvement of the Bath AS Disease Activity Index (BASDAI), clearly higher than for patients with a longer disease duration. 17 This finding makes an early diagnosis even more essential.
DELAY IN DIAGNOSIS OF AS
For the long delay in the diagnosis of AS there are two major reasons: (a) because there is no unique clinical symptom or laboratory test to make the diagnosis it is a real challenge to identify the 5% of patients 18 with an axial spondyloarthritis (SpA) (including AS) among the great numbers of patients with chronic low back pain, most of them with functional back pain, 19 seen by the primary care physician; (ii) until now the presence of radiological sacroiliitis was essential for the diagnosis of AS, according to the modified New York criteria. 20 However, it may take several years of inflammation of the sacroiliac joint before radiological damage can be demonstrated. 21 The presence of inflammation in early disease could indeed be nicely proved in recent years by MRI. 22 ''Tests to diagnose AS early before radiographic changes occur are needed''
We have recently suggested an approach for making a diagnosis early and reliably by combining several clinical, laboratory, and imaging parameters before radiologically visible changes occur. 23 Thus, the considerations presented below should be of relevance both for patients with established AS (according to the modified New York criteria 20 ) and for patients with ''pre-radiographic early AS''. We have proposed the term ''axial SpA'' for these two groups, 23 similar to the inflammatory back pain (IBP) group which are included in the patients with spondyloarthropathy described previously by the European Spondylarthropathy Study Group (ESSG 24 ) . No recommendations for referral strategies to identify these patients early by primary care physicians have been developed so far, certainly also one of the reasons for the delay in diagnosis.
HOW CAN SUCH SCREENING BE PERFORMED BY PRIMARY CARE PHYSICIANS?
Any approach suggested to identify patients with axial SpA in primary care has to be feasible if it is meant to be applied in a busy daily practice. Measures which can be used for early referral should be developed along the following lines: (a) they should be easy to use. Thus, one single parameter is preferable to several parameters or a combination of parameters; (b) it should be relatively easy to decide on whether this parameter is positive or negative, also by a primary care physician who does not have a lot of experience with this disease; (c) because it is used for screening the parameter/test should not be expensive; (d) a parameter used for screening should be highly sensitive, thus, only a small percentage of patients should be missed if the parameter is negative. Thus, if a parameter has a sensitivity of 75% for a certain diagnosis, 25% of patients will be missed if negative, if the sensitivity is 60%, already 40% of patients will be missed, independently of whether this parameter has a high specificity. Therefore, parameters with a low sensitivity cannot be used for this purpose; (e) because patients with a positive screening test have to be referred to a specialist (normally a rheumatologist) the number of patients to be seen by the rheumatologist to make the diagnosis in one patient should not be too large. This number is determined by the post-test probability of having the disease when the test parameter is positive, which depends on the pretest probability of the disease in a given population and the sensitivity and specificity of the test parameter. This methodological approach has been discussed in more detail recently. 23 The sensitivity and specificity can be combined in the likelihood ratio (LR), which has the advantage of combining both figures in one value and is defined as follows:
Likelihood ratio (LR) = (sensitivity)/1-(specificity) if the parameter is present. Thus, the test parameter with the highest LR will result in the highest post-test probability if positive and in the lowest number of patients to be seen by a rheumatologist to make the diagnosis in one patient. For example, if the post-test probability is 20% for a given parameter the number of patients seen to make a diagnosis in one will be five, if this is 50% the diagnosis will be made in one out of two patients. Thus, an ideal screening parameter (test) should have a good sensitivity, but also a good LR.
SELECTION OF PARAMETERS FOR SCREENING
To apply sensitivity and specificity for calculation of the posttest probability, knowledge of the pretest probability (prevalence of the disease) in a given population is necessary. In our calculations we assume a pretest probability of 5% for a patient with chronic back pain with axial SpA when seen by a primary care physician. 18 Importantly, we suggest that the screening procedure proposed here should be used only in patients with chronic back pain of .3 months' duration and only in patients in whom the first symptoms of back pain started before the age of 45. Because AS starts rarely (in ,4%) in patients older than 40 1 we do not lose a great deal of sensitivity but may increase the proportion of patients with axial SpA. Table 1 shows the clinical, laboratory, and imaging parameters which are normally used to make a diagnosis of axial SpA.
The figures for sensitivity and specificity are derived from published studies, and were presented in more detail previously. 23 
CLINICAL PARAMETERS
Inflammatory back pain Choosing clinical parameters for screening is attractive because their determination is not expensive. The clinical symptom of IBP has been suggested as a leading clinical symptom for AS. [23] [24] [25] There are no costs for the assessment of this measure and with a sensitivity of 75% 23 only about 25% of patients with axial SpA who do not have this symptom will be missed. When clinical symptoms of IBP are present in a patient with chronic low back pain the post-test probability for this patient of having the diagnosis of axial SpA is 14%. 23 Thus, using IBP as referral parameter a diagnosis of AS can be made in about 1/7 patients seen by the rheumatologist (table 1). One drawback of using this parameter for referral is that in up to about one third of patients (according to our experience) it cannot clearly be decided whether the back pain is inflammatory or not. Furthermore, assessment of IBP by the physician needs some clinical experience, which cannot always be expected to be present among primary care physicians.
Response to treatment with NSAIDs
Similarly, a good or very good response to treatment with a full dose of NSAIDs in 48 hours can be used as a referral parameter. With an assumed similar sensitivity of 75% 8 23 again only about 25% of patients would be missed and in 1/5 patients the diagnosis of axial SpA can be made by the rheumatologist if we assume an LR of 5, with a resulting post-test probability of 21% (table 1) . If the cost of the prescription for an NSAID is not included there are also no costs for this screening test. Because the patient judges how effective the NSAID treatment is, this measure might be easier for the non-specialist to use. To take such a parameter seriously into account as a screening test, the physician has to prescribe a full dose of an NSAID.
None the less, among these two measures we definitely prefer IBP as the screening parameter because it draws the physician's attention to back pain and because patients who show no good response to NSAID but do have axial SpA seem to have a worse prognosis and should thus be preferably referred to the specialist. 26 None of the other clinical measures listed in table 1 are useful for screening because their sensitivity is too low.
IMAGING PARAMETERS Sacroiliitis
Sacroiliitis grade 2 bilaterally or grade 3 or higher unilaterally shown by x ray examination is still mandatory to fulfil the currently widely used modified New York criteria for the diagnosis of AS. 20 However, as was recently shown in a Dutch study, neither the sensitivity nor specificity of radiological sacroiliitis can be regarded as higher than about 80%, 27 thus resulting in an LR of 4 and in a post-test probability of no higher than 17%. The radiological exposure has also to be taken into account when considering this parameter for screening a large number of mostly young people.
MRI MRI of the sacroiliac joints seems to have a good sensitivity and specificity. 22 23 However, because MRI is very expensive we would currently not recommend this method as a screening test to be applied by the primary care physician. Furthermore, no standardised technique or standardised interpretation of results (positivity/negativity) has been agreed on so far (table 1) .
None the less, if the primary care physician has evidence of sacroiliitis provided either by x ray examination or MRI investigation in a young patient with chronic low back pain this finding can also be used for referral to the rheumatologist.
LABORATORY PARAMETERS
Only two laboratory parameters could be taken into account to be used for screening: the acute phase reactants (erythrocyte sedimentation rate (ESR) and/or the C reactive protein (CRP)) and HLA-B27.
ESR/CRP
The ESR/CRP are easy to measure but give only a post-test probability of about 12% if raised (table 1) . Of more importance, the sensitivity in patients with AS and early AS is no higher than 50%. 23 Thus, it is not a suitable parameter for screening.
HLA-B27
HLA-B27 has a high sensitivity of 90% (only 10% of patients are missed), a good LR of 9, and a good post-test probability of 32%. 23 Thus, only three patients with chronic low back pain who are HLA-B27 positive have to be seen by the rheumatologist to make the diagnosis in one. The test is easy to handle and to interpret with a clear ''positive'' or ''negative'' answer and no variability over time (false negative or positive laboratory testing of HLA-B27 can be assumed to be lower than 5%). These features make HLA-B27 an ideal test for screening patients with chronic low back pain for axial SpA. HLA-B27 positivity is also one of the factors predicting a bad prognosis, 28 which makes it more important to identify HLA-B27 positivity among patients with axial SpA than HLA-B27 negativity. The costs obviously are higher than assessing a clinical symptom. HLA-B27 testing costs about J40 in Germany, which is equivalent to a normal x ray examination of the chest or of the pelvis. In comparison, rheumatoid factor and CRP would be about J15 each and IgG plus IgM enzyme linked immunosorbent assay (ELISA) test for anti-Borrelia burgdorferi antibodies about J35. It has also to be taken into account that HLA-B27 testing has to be done only once and that many primary care physicians order it frequently anyway. 29 In view of this, background HLA-B27 testing of the right patient seems to be cost effective. Table 1 lists the sensitivities, specificities, LRs, and considerations of feasibility, and costs of each parameter which might be used for screening, together with suggestions on the choice of the best parameter.
DISCUSSION
In patients with chronic low back pain (duration .3 months) with the onset of symptoms at an age ,45 years two options, based on the data and the considerations presented here, should be proposed to physicians in primary care for screening of patients with axial SpA: (a) the presence of inflammatory back pain or (b) HLA-B27 positivity (fig 1) . Screening by HLA-B27 seems to be better than IBP because of higher sensitivity (90% v 75%), higher specificity (90% v 75%), smaller number of patients to be seen to make a diagnosis of axial SpA (1/3 v 1/7), and the ease of interpretation-that is, whether positive or not. Primary screening by HLA-B27 is only hampered by costs. Thus, if B27 testing is not affordable or available, screening by IBP can be considered as a reasonable alternative.
In the past HLA-B27 was not considered a good measure to use early in a diagnostic approach for patients with axial SpA because, correctly, the majority of patients with low back pain (about two thirds) would not have the diagnosis. 30 We agree that HLA-B27 should be used in a diagnostic approach only later once the pretest likelihood has been increased to about 30-50% by the presence of other clinical or imaging parameters. 23 30 However, here we propose the use of HLA-B27 not for diagnosis but for screening. For this purpose HLA-B27 can be clearly regarded as a good screening parameter. Interestingly, in two earlier studies, a diagnosis of AS could be made in 30-40% of patients with chronic back pain and a positive test for HLA-B27, 31 32 a result very much in line with the calculations presented here.
We do not suggest the use of imaging such as x ray examination or MRI of the sacroiliac joints for screening, because of costs, radiation exposure, and difficulties in interpretation. However, primary care physicians have sometimes an imaging result available in the process of investigating patients with low back pain. In such a case, if clear sacroiliitis is demonstrated by x ray examination or MRI, patients should also be referred to a rheumatologist (fig 1) .
We have recently discussed the possibility that the clinical symptom of IBP might be used as an entry parameter both for early diagnosis and screening of axial SpA. 23 However, a sensitivity of no higher than 75% means that 25% of patients will be missed. Thus, we prefer now, based on the considerations presented here, to use IBP rather as a facultative parameter for screening (fig 1) .
Obviously, if several of the screening parameters, or of the other parameters shown in table 1, are positive, the likelihood of having axial SpA increases. 23 But asking for a combination of parameters for screening necessarily decreases the sensitivity, which will fall, for example, to around 68% if a combination of IBP plus positive HLA-B27 is used for screening. However, if the number of patients to be seen by the specialist (to make the diagnosis in one) has to be lower (according to the local conditions) such a combination of parameters could be used for screening, if a lower sensitivity is acceptable. But, suggestions for physicians in primary care on when to refer a patient should be simple and easy to follow and should identify most of the patients. Therefore, we think that the approach suggested here (fig 1) is feasible and is likely to identify the great majority of patients with axial SpA among the large group of people with chronic back pain, if these patients are then seen subsequently by a specialist (normally a rheumatologist) for further diagnostic investigation. In addition to suggesting single and simple screening parameters to be used in primary care, physicians should be encouraged to refer patients with higher priority to a rheumatologist when several of these parameters are positive.
Recently, early referral recommendations for rheumatoid arthritis were published.
